Introduction
Epilepsy is a disease affecting 0.5-1% of the child population. 1 Efficient anti-epileptic treatment is available for most cases, although hematological, biochemical and gastrointestinal side effects are not rare in long-term use. Anti-epileptic drugs also act on the immune system. 2 They reduce the serum levels of immunoglobulins [3] [4] [5] and affect the production of cytokines. 1 Cytokines are chemical conduction molecules which mediate the development and regulation of the inflammatory and immune responses. [1] [2] [3] [4] [5] The bidirectional correlation between the central nervous system (CNS) and immune system is mostly mediated by cytokines. 6, 7 Inflammation may facilitate if not cause the ILs TNF-a Topiramate Valproic acid Epilepsy Child
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Purpose: Antiepileptic drugs have been reported to reduce the levels of serum immunoglobulins and affect the production and levels of certain cytokines. We investigated the effects of valproic acid (VPA) and topiramate (TPM) on the blood levels of interleukin (IL)-1a, IL-1b, IL-6, IL-10, and TNF-a in children with idiopathic generalized and partial epilepsy. Methods: Forty prepubertal children aged 6-12 (mean 8.3 AE 1.7) years, 19/40 (47.5%) female and 21/40 (52.5%) male, with idiopathic generalized or partial epilepsy diagnosed in the child neurology outpatient clinic were included. The patients were divided into two treatment groups: 20 were treated with VPA and 20 with TPM. The plasma levels of IL-1a, IL-1b, IL-6, IL-10, TNF-a were measured using ELISA method before the initiation of treatment and at the 6th and 12th months of the treatment. The Chi-square test was used to compare qualitative data. To compare the periods, recurrence measurements were done using variance analysis and Freidman 2-sided variance analysis. p < 0.05 was considered as statistically significant. Results: In the VPA group, the levels of IL-1a significantly increased at 12 months while the levels of IL-10 decreased at 6 months of treatment compared to values before treatment (p < 0.05). There was no significant difference in levels of IL-1b, IL-6, TNF-a (p > 0.05). In the TPM group, lower levels of IL-10 were observed at 6th and 12th months compared to the onset of treatment (p < 0.05).
Conclusion:
The results of this study demonstrated that VPA and TPM might lead to changes in the levels of cytokines in epileptic patients. The next step would be to investigate the relation of these findings to the outcome of epilepsy and response to treatment.
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on epileptic seizures. 16 However, the underlying mechanisms have not been fully understood. In particular, reports on the effect of AEDs on interleukin (IL) levels have been scarce and conflicting. 2, 14, 15, 17 We therefore aimed to investigate the effects of valproic acid (VPA), an old-generation AED, and topiramate (TPM), a newer AED on the blood levels of IL-1a, IL-1b, IL-6, IL-10 and tumor necrosis factor (TNF)-a.
Methods
We enrolled a total of 40 prepubertal patients, 19 (47.5%) females and 21 (52.5%) males, whose ages ranged between 6 and 12 years (mean 8.3 AE 1.7 years). These patients presented with seizures to the outpatient clinic of pediatric neurology between 2009 and 2010 and were diagnosed with idiopathic generalized or partial epilepsy, based on history, neurologic examination, electroencephalography (EEG), and magnetic resonance imaging (MRI).
Exclusion criteria included mental retardation, abnormal findings on neurologic examination or MRI, previous history of status epilepticus, previous history of AED use, immunosuppressive therapy, autoimmune disease, thyroid, liver or kidney disease, immune deficiency, or the presence of an infection at the time of diagnosis.
The patients were treated with VPA or TPM according to clinical or EEG findings: as both drugs are effective in generalized and partial seizures, the treatment decision was made considering the child's age, sex, and body weight. Group I consisted of 20 patients treated with VPA 20 mg/kg/day and Group II of 20 patients treated with TPM 3 mg/kg/day. TPM was initiated at the dose of 0.5 mg/kg/ day, and was increased by 1 mg/kg/day once a week up to 3 mg/kg/ day.
Ethical All measurements were made in venous blood samples obtained between 7:30 and 8:30 a.m. following a fasting period of at least 10-12 h initially and at least 10-12 h after the last AED intake at the 6th and 12th months. Three samples were drawn from each patient: at baseline, and at the 6th and 12th months of treatment. Care was taken to obtain the samples during an infection-free and seizure-free period of at least one week. Samples were centrifuged at 3000 rpm for 15 min and sera were stored at À80 8C until the study. On the study day, all sera were thawed at the same time and tested on the same day for IL-1a, IL-1b, IL-6, IL-10, and TNF-a (Assay-Pro, USA) levels using the enzyme-linked immunosorbent assay (ELISA) method. Baseline, and 6th and 12th month measurements were compared.
The AED levels were not measured at the various time points when blood sampling was performed (6th and 12th months).
Statistical analysis
Statistical analyses were performed using The Statistical Package for The Social Sciences software (SPSS 13.0.1 serial number: 9069728). Descriptive statistics were used.
The Chi-square test was used to compare qualitative data. In each group, conformity of the measured values to the normal distribution was analyzed by using Kolmogorov-Smirnov test. Variation during the period for the data showing skewed distribution was analyzed using Friedman test and p < 0.005 was determined as statistically significant. Post hoc by Wilcoxon test using Bonferroni correction to adjust for multiple comparisons in each group.
Results
Thirty-four subjects (85%) were diagnosed with idiopathic partial epilepsy and 6 (15%) with idiopathic generalized epilepsy. Group I included 20 patients, 10 males (50%) and 10 females (50%), and Group II 20 patients, 9 (45%) females and 11 (55%) males (Table 1 ). There was no significant difference in the age and gender distribution of the two treatment groups. The most common seizure types were complex partial (55%) and simple partial (30%) ( Table 2 ). The most common EEG finding was focal epileptiform activity (75%) ( Table 2 ). The rate of seizure control was similar between the two groups.
Laboratory findings
In Group I, treated with VPA, the levels of IL-1a were increased at the 6th and 12th months, with the 12-month level being significantly increased compared to baseline (p < 0.05) ( Table 3) . No significant change was observed in the levels of IL-1b, IL-6, and TNF-a (p > 0.05) ( Table 3) .
The levels of IL-10 showed a significant decrease compared to baseline at 6th month of VPA treatment (p < 0.05) ( Table 3) .
In Group II treated with TPM, the levels of IL-10 diminished significantly at the 6th and 12th months compared to pretreatment levels (Table 4) . Alterations in the levels of other cytokines were not significant (Table 4) .
Discussion
Studies in epileptic patients and also in animal models revealed changes in the expression of cytokines and immune cells. 12, 18, 19 Moreover, the anticonvulsive activity of anti-inflammatory drugs, namely steroids and ACTH, even on seizures which that are refractory to other AEDs, suggest that inflammation may play a role in the pathogenesis of the epilepsy. (n = 10, %50) (n = 10, %50) (n = 9, %45) (n = 11, %55) (n = 40, %100) The effect of AEDs on the immune system has been for recognized a long time. 16 VPA and phenobarbital diminish humoral and cytotoxic T lymphocyte response in mice. 22, 23 Suppressor T cells were markedly decreased in the serum of patients treated with phenytoin. 24 Prenatal exposure to diazepam decreased the production of T lymphocytes. 25 However, these studies mostly involve first-generation AEDs. Furthermore, their results are frequently inconsistent and occasionally conflicting. 16 A major source of discrepancy may be in the difficulty of distinguishing the effect of the drugs from the effect of the seizures. 26 Moreover, personal and genetic predisposition, concomitant use of multiple drugs, and drug interactions are other possible additional factors. 16 There are few data examining the effect of the new AEDs on the immune system. TPM reversed the decrease of in T-lymphocyte proliferation activity induced by the seizure in rats. 27 The purpose of our study was to investigate the effects of one old (VPA) and one new (TPM) drug on the levels of IL-1a, IL1b, IL-6, IL-10 and TNF-a. The level of IL-1 is very low in the CNS. 19 It has both neurotoxic and neuroprotective effects. 8 Stimuli with a convulsant effect increase the production of IL-1b in microglia-like cells in the hypocampus. 1 Verrotti et al. 14 examined the levels of IL-1a, IL-1b, IL-2, and IL-6 (from peripheral blood mononuclear cells) in 40 patients aged 8.9-16.2 years, treated with VPA and carbamazepine (CBZ) monotherapy and, reported that the group treated with VPA showed statistically significant increase in the levels of IL-1a, IL1b, and IL-6 and no change in the levels of IL-2, whereas the CBZ group showed an increase in all parameters. In this study, the blood levels of cytokines in 48 healthy children were reported for IL1a, IL-1b, IL-6 as 13.8 AE 1.9 ng/ml, 1.02 AE 0.32 ng/ml and 4.03 AE 1.26 ng/ml, respectively. They did not find a significant differences between the control group and epileptic patients. In our study, the group treated with VPA showed an increase in IL-1a level at the 6th and especially the 12th month of treatment. In our study, although not statistically significant, a VPA-related decrease observed in the level in IL-1b may be significant in terms of the neuroprotective efficacy of VPA.
IL-6 is a pleiotropic cytokine. 1 Although VPA inhibits the production of TNF-a and IL-6 in vitro, epileptic patients treated with this drug show increased concentrations of IL-1, IL-6 and IL-5. 14 Verrotti et al. 14 showed increased levels of IL-6, IL-1a
and IL-1b with VPA at the 12th month compared to pretreatment. Shiah et al. 15 gave 1000 mg per day of VPA to 10 healthy male volunteers aged 29.4 AE 10.5 years for 7 days: levels of IL-6 were significantly increased. Kim et al. 28 randomized the patients with bipolar disorder to three groups, and treated 15 patients with VPA, 8 patients with lithium and 8 patients with VPA + lithium. At the beginning of the therapy, they measured the levels of IL-6, IL-4, IL-2, TNF-a, and IFN-g. They found significantly higher levels of IL-6 and TNF-a and significantly lower levels of IL-4 in patients compared to the control group. All three groups showed a significant decrease in IL-6 levels at the end of the 6-week therapy compared to baseline.
However, certain other studies have suggested that VPA reduced or did not change the level of IL-6. 5, 29, 30 In 10 adult patients diagnosed with mania, Maes et al. 29 reported that the plasma levels of IL-6, soluble IL-6 receptor (sIL-6R), soluble IL-2 receptor (sIL-2R) and Transferrin receptor (TfR) remained unchanged following short-term VPA monotherapy, as while De Ponti et al. 5 reported unchanged IL-6 levels under the same conditions.
In an experimental study, Ichiyama et al. 30 suggested that VPA acted by inhibiting the production of TNF-a and IL-6 resulting from lipopolysaccharide pathway via human monocytic leukemic cells, leading to the activation of NF-kB. Our results showing a nonsignificant decrease in the levels of IL-6 at the 6th and 12th months in patients treated with VPA do not conflict with the results of Kim and Ichiyama. TNF-a is a proinflammatory cytokine that shows a neurotropic and neurotoxic effect in the CNS. 18 Animal studies have demonstrated that the levels of TNF-a mRNA were increased after the seizure and returned to basal levels at the end of 3 weeks. 31 Ichiyama et al. 30 showed in in vitro models that VPA inhibited the production of TNF-a and IL-6. In the study performed by Kim et al. 28 the levels of TNF-a showed a statistically insignificant decrease following 6-week treatment with VPA, lithium and VPA + lithium. In our study, TNF-a levels decreased at the 6th month of VPA treatment and returned to baseline levels at 12th month; however, changes were not significant. The results obtained were inadequate to suggest that VPA may show a neuroprotective effect by decreasing the level of TNF-a. Table 3 Levels of IL-a, IL-1b, IL-6, IL-10, TNF-a at baseline, 6th month and at 12th month of treatment with valproic acid. IL-10 is an anti-inflammatory cytokine known as a human cytokine synthesis inhibitor factor (CSIF). 32 IL-10 limits inflammation in the brain. In addition, it accounts for the inhibition of the synthesis of proinflammatory agents, such as interferon-g (IFN-g), IL-2, IL-3, TNF-a, and granulocyte macrophage colony-stimulating factor (GM-CSF). 33 In our study, the levels of IL-10 showed a decrease at the 6th and 12th months of treatment compared to the pre-treatment period in both the VPA and TPM groups. However, only the decrease observed at the 6th month compared to baseline was statistically significant in the VPA group. In the group treated with TPM, the levels of IL-10 decreased significantly at the 6th and 12th months. To our knowledge, no other study has investigated the effect of VPA and TPM on IL-10. The fact that anti-inflammatory cytokine IL-10, with a protective effect, is decreased with the use of VPA and TPM, and together with the observed increased level of IL-1a, suggests a net effect of a proconvulsive type. However, the decrease in IL-1b, IL-6 and TNF-a levels, even if not statistically significant, is a finding that contrasts with the decrease in IL-10. Importantly, other cytokines such as IL-1Ra and IL-2, which were not included in our study might also contribute to the net result.
Another limitation of our study and similar ones in the literature is the lack of clinical correlation: whether the therapeutic effect of AEDs is mediated by their reducing a proconvulsant cytokine or augmenting the synthesis or release of a protective cytokine, and whether the observed changes at 6 or 12 months are related to seizure control are important clinical questions. We could not examine this variable in our study, in which being seizure-free for at least one week was an inclusion criterion by definition.
Differences between studies may be related to the differences in study models (clinical vs. experimental), different age groups, and the duration and dosage of AED treatment. Seizures cause changes in cerebral tissue micro-environment, causing the glial cell release of cytokines. 11, 12 But some contrasting reports suggest that increased production of cytokines from peripheral blood mononuclear cells was not evident and was not reflect brain cytokine levels.
34,35
The results of this study demonstrated that VPA and TPM might lead to changes in the levels of cytokines in epileptic patients. However, further studies including blood and CSF cytokine levels with longer and closer follow-up are warranted to interpret the value of these effects in the pathogenesis and treatment of epilepsy, as well as their relation with the systemic immunity of the patient.
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